Post-obstructive pulmonary edema (POPE), a form of non-cardiogenic pulmonary edema, is a significant entity in anesthesiology and head/neck surgery. This rapidly developing and life-threatening condition occurs following the relief of the obstruction in the upper airways. This condition has two main categories with distinct etiology. We report the case of a 62-year-old Filipino female who developed POPE after the removal of the endotracheal tube following a routine biopsy of her maxillary mass. Immediately after the removal of the endotracheal tube, she presented with episodes of hypotension and desaturation. Chest x-ray postre-intubation revealed bilateral lung opacities. The autopsy findings of the respiratory and cardiovascular system are presented.
INTRODUCTION
Post-obstructive pulmonary edema (POPE) is a rare condition that in most cases, is associated with complications of general anesthesia. It is categorized into Type I and Type II. 1 In the Type I setting, postobstructive pulmonary edema occurs once there is sudden and severe episode of upper airway obstruction, while in Type II, pulmonary edema sets in upon the relief of a chronic obstruction. Post-anesthetic laryngospasm is the most frequent cause of POPE in adults. 2 It is possible that in our case, both types of POPE were exhibited. The laryngospasm probably developed as an effect of the general anesthesia and the relief of the obstruction during the reintubation represent Type I and Type II POPE, respectively.
CASE
A 62-year-old Filipino female, known diabetic and non-hypertensive, was admitted for routine biopsy of a maxillary mass. She was presenting with progressive nasal congestion and intermittent shortness of breath over the last year. Paranasal sinus Computed Tomography (CT) scan revealed a large enhancing irregular soft tissue mass (9.7x7.8x5.9 cm) centered in the left maxillary region with intranasal extension (Figure 1 ).
History of loud snoring was also elicited in the patient's medical history but was not thoroughly explored. Consequently, no sleep study was performed prior to the operation.
Pre-operative work-up such as electrocardiogram, chest x-ray and hematological studies were normal. The intraoperative course was unremarkable until the time of extubation, when the patient again was noted with loud snoring and with persistent oxygen desaturation as low as 14-40% for 3 to 5 minutes followed by hypotensive episodes (blood pressure of 80/40 mmHg). She was reintubated and was given inotropes. She was transferred to the intensive care unit and was managed accordingly. The chest x-ray post-intubation revealed bilateral lung opacities attributed to air-space opacification with no appreciable pneumothorax (Figure 2 ). Serum electrolytes and blood urea nitrogen were relatively within normal range, while creatinine and white blood cell counts were elevated (Table 1) . Despite continuous medical management, she expired after the 2 nd post-operative day and a post-mortem examination was performed.
AUTOPSY FINDINGS
A partial autopsy limited to the thoraco-abdominal organs was performed with the consent of the relatives of the decedent and the findings recorded within the institutions' ethical proceedings for documentation and academic purposes.
The decedent was normocephalic, short-necked with endomorphic body habitus. There was a soft to rubbery ill-defined mass (6 cm in single widest dimension) located in the inferior auricular to lateral neck area diagnosed through biopsy as clear-cell tumor with A standard Y-shaped thoraco-abdominal incision was done to reveal areas of visceral pleural adhesions in the right lung. Though the weight of the lungs were within normal range (right 750 g; mean reference range, MRR: 185-967 g; left-700 g; MRR: 186-885 grams), frothy material was noted to extrude copiously from both sides ( Figure 3A) .
Microsections from the bilateral lung lobes showed alveoli filled with red blood cells and proteinaceous material consistent with pulmonary congestion ( Figure 3B ). There was neither mass on gross examination nor microscopic evidence of carcinomatosis. The major pulmonary vessels and airways were likewise patent and free of any blood clot or emboli.
The heart was normal in size and weight (280 grams). Gross examination of the heart showed no evidence of lesion or old scar (Figure 4 ). Microsections showed diffuse interstitial fibrosis transecting the myocardial fibers with only focal mild lymphocytic infiltrates. No evidence of infarction was appreciated ( Figure 5 ). The major coronary vessels were patent, thin-walled and devoid of calcifications.
DISCUSSION
Although the Troponin I was elevated, the postmortem examination of our case revealed that the heart was grossly unremarkable. Microscopically, no evidence of myocardial infarction such as myocardial fiber waviness, geographic necrosis nor neutrophilic infiltrates were appreciated. The absence of the microscopic findings of the typical myocardial infarction rules this out as the most likely cause of demise. Instead, diffuse interstitial fibrosis in the absence of cardiac hypertrophy and dilatation are seen transecting the myocardial fibers with only focal, mild lymphocytic infiltrates. Though myocarditis could have resulted in the heart failure as evidenced by the severe pulmonary congestion and edema, cardiomegaly and dilatation of the chambers were not appreciated. Indubitably, cardiac markers remain the cornerstone for the diagnosis of acute coronary syndromes (ACS), although troponin elevation has also been appreciated in non-ACS conditions. A subset of which are seen in patients with chronic airway obstruction and its concomitant negative intrathoracic pressure effect. 3 These findings, together with the ventricular tachycardia with limb lead low voltage complexes on the electrocardiogram should elicit a more thorough search for other factors of death causality.
The elevated WBC in our patient in the absence of infection and hematologic disorder are believed to be a secondary reaction to acute lung injury 4 with neutrophils being elevated in obstructive sleep apnea. The significant gross and microscopic findings in this case are bilateral pulmonary congestion and edema ( Figure 3) . Based on the CT scan, the patient was noted to have a mass in the left maxillary region which also extends into the left nasal cavity, left masticator space, left buccal mucosa, both sides of the hard palate, soft palate more towards the left side, both sides of the nasopharyngeal roof, clivus, both sphenoid sinuses and left posterior ethmoid sinus. Hence, there was already obstruction in the upper airways. The timeline of the events during the surgical procedure, normal cardiac evaluation, the presence of bilateral pulmonary edema in the absence of any cardiac pathology, favor the diagnosis of post-obstructive pulmonary edema in our case. There are two forms of post-obstructive pulmonary edema. Type I follows a sudden severe episode of upper airway obstruction while Type II develops after surgical relief of chronic upper airway obstruction. In our case, both forms may be present. For the Type I, there is the possibility of post-extubation as well as general anesthesia complications. Based on Ahsayan et al., 6 postobstructive pulmonary edema occurs in 0.1% of all patients undergoing general anesthesia. The patient was noted to have episodes of desaturation after the extubation and this can be attributed to several causes such as the following: laryngospasm, endotracheal tube biting, tongue falling back and extubation before the patient had been sufficiently awakened.
7,1 On the other hand, the relief of the upper airway obstruction contributes to the development of Type II post-obstructive pulmonary edema. Of note, while patient was still under the effects of anesthesia, she was observed to be snoring loudly. It is possible that aside from the neoplastic obstruction of the upper airway, the patient most likely has undiagnosed obstructive sleep apnea and once she underwent general endotracheal anesthesia, there was transient relief of the upper airway obstruction.
The pathophysiology of post-obstructive pulmonary edema is multifactorial. Initially there is a decrease in interstitial pressure favoring transudation. Alveolar membrane injury can occur sequentially which may consequently result in more transudation. Physiological positive endexpiratory pressure (PEEP) from the obstructed airway counterbalances this positive intravascular pressure, but when relieved of the obstruction, the lack of PEEP permits the transudation of fluid into the alveolar spaces resulting in pulmonary edema. Microscopically, we can appreciate engorgement of the alveolar capillaries as well as the presence of finely granular pale pink material representing the intra-alveolar transudate. The hypoxia from the airway obstruction exacerbates the physiology of post-obstructive pulmonary edema. The hypoxia results in a systemic adrenergic release which then leads to systemic vasoconstriction further increasing venous return. In the lungs, this vasoconstriction further elevates the intravascular pressure thereby encouraging the transudative process. 8 In chronic airway obstruction, the repetitive chronic negative pulmonary intravascular pressures are counterbalanced by reactive pulmonary vasoconstriction and an increase in pulmonary artery pressure. Eventually, pulmonary hypertension and systemic hypertension develop. Once this occurs, the rightsided heart failure can ensue. In obstructive sleep apnea, the heart also dilates acutely during negative intrathoracic pressures and systemic blood pressure escalates. The snoring history of the patient and Asian anatomy present an appropriate background for obstructive sleep apnea to confound the already compromised airway. This is why patients with obstructive sleep apnea are at risk for developing POPE after tracheotomy.
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CONCLUSION
In a patient with signs of compromised airway, thorough evaluation of compounding factors prior to any procedure should always be performed. Awareness of entities such as post-obstructive pulmonary edema and obstructive sleep apnea may aid in uncovering causes of death. But more importantly, provide an avenue for more stringent preanesthetic evaluation to prevent untoward morbidities and mortalities even in seemingly straightforward routine surgical procedures.
